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ROTATABLE PROJECTION LENS FOR REAR-PROJECTION APPLICATIONS 

Projection display devices are used in a variety of applications. Liquid crystal (LC) 
technology has been applied in projection displays for use in projection televisions and 
electronic cinema to mention a few applications. 

In known rear-projection applications, a rear surface mirror, or rear fold mirror is used 
to project an image Scorn an LC panel and projection optics onto a display surface or a screen. 
The elements of the display device, including the LC panel, projection optics and mirrors are 
housed in a cabinet, with one surface of the cabinet having the display surface for viewing. 

Unfortunately, the cabinets for these rear projection devices are relatively large. 
Moreover, known LC-projection optics combinations are not readily adapted in all cabinets. 
As to the former, it is desirable to reduce the depth and height of the cabinet However, this is 
rather difficult due to the rather inflexible designs of the LC projection optics. As to the latter, 
properly locating a projection optical system in a cabinet having a comparatively reduces 
depth may require an increase in cabinet height, for example to accommodate the projection :■• 
lens so proper function is achieved. 

In accordance with an example embodiment, an optical system for a projection display 
device includes a first lens group having a first optic axis and a second lens group having a 
second optic axis, wherein the second lens group is adapted to rotate about the first optic axis. 

In accordance with another example embodiment, an optical system for a projection 
display device includes a first optic axis, and a lens group having a second optic' axis, wherein 
the lens group is adapted to rotate about the first optic axis. 

The invention is best understood from the following detailed description when read 
with the accompanying drawing figures. It is emphasized that the various features are not 
necessarily drawn to scale. In fact, the dimensions may be arbitrarily increased or decreased 
for clarity of discussion. 

Fig. 1 is a cross-sectional view of an LCD projection display device including a cabinet 
in accordance with an example embodiment; 

Fig. 2 is a cross-sectional view of an LCD projection display device including a cabinet 
in accordance with an example embodiment; 
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Fig. 3 is a schematic view of a projection optical system and display panel in 
accordance with an example embodiment; 

Fig. 4 is a schematic view of the projection optical system and display panel of Fig. 1 
shown from another perspective and in accordance with an example embodiment; 

Fig. 5 is a schematic view of the projection optical system and display panel of Fig. 1 
shown from another perspective and in accordance with an example embodiment; 

Fig. 6 is a schematic view of the projection optical system and display panel in 
accordance with an example embodiment; 

Fig. 7 is a schematic view of the projection optical system and display panel of Fig. 6 
shown from another perspective and in accordance with an example embodiment; 

Fig. 8 is a perspective view of a projection optical system connected to a base in 
accordance with an example embodiment; and 

Fig. 9 is a perspective view of a projection optical system connected to a base in 
accordance with an example embodiment 

In the following detailed description, for purposes of explanation and not limitation, 
example embodiments disclosing specific details are set forth in order to provide a thorough 
understanding of the example embodiments. However, it will be apparent to one having- 
ordinary skill in the art having had the benefit of the present disclosure that other embodiments 
that depart from the specific details disclosed herein. Moreover, descriptions of well-known 
devices, methods and materials may be omitted so as to not obscure the description of the 
present invention. Finally, wherever practical, like reference numerals refer to like features. 

Briefly, in accordance with example embodiments, a projection optical system includes 
a first lens group, a fold mirror and, optionally a second lens group. The first lens group has 
an optical axis that is orthogonal to the second lens group. The fold mirror is usefully disposed 
between the first and second lens groups. Moreover, a display device, such as an LC device 
provides an image to the second lens group. The light from the second lens group is incident 
on the fold mirror, and then on the first lens group. The first lens group directs the light image 
onto a mirror of a rear-projection display device for imaging at a screen. In the example 
embodiments, the first lens group is adapted to rotate relative to the second lens group. 
Beneficially this allows the adaptation of image projection to accommodate the cabinets of 
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varying dimensions, and without rotating the entire projection lens assembly, which can be 
counter-productive to the goal of reducing the height of the cabinet/pedestal of the display 
device. 

Fig. 1 shows a cross-section of a rear projection display device 100 in accordance with 
an example embodiment. The device 100 includes a cabinet 101, having a mirror or reflective 
surface 102 in a rear portion thereof, and a display surface or screen 103 at a front surface. 
The device 100 also includes a projection lens assembly 104, which includes the projection 
optics and display panel (e.g., LC display panel). The lens assembly also includes a base 105, 
which may be integral with the lens assembly and display panel. In the example embodiment 
of Fig. 1, the projection lens assembly focuses an image beam 106 on the mirror 102, which . 
reflects this image onto the screen 103. Illustratively, the screen is 65" diagonally across its 
surface, and the dimensions of the cabinet in relative units are as shown. 

In order to accommodate the relative orientation and dimensional placement of the 
display elements selected elements of the projection lens of the projection lens assembly are ■ 
■ rotated, without the moving or rotating the base 105. As will become clearer as the present • ■ 
description continues, this ability to provide the projection capability of the projection lens 
assembly 104 in a variety of different cabinets and displays without having to alter the cabinet 
is a significant benefit, allowing adaptability of the projection lens assembly 104 in many 
disparate cabinets and devices. 

Fig. 2 shows a cross-section of a rear projection display device 200 having reduced 
dimensions compared to the device of Fig. 1. To wit, the display screen of the device 200 is 
44", and the other shown (in cm) dimensions are smaller than their counterparts of Fig. 1, 
otherwise, the cabinet is substantially the same as that of the example embodiment of Fig. L 
However, and as will become clearer as the present description continues, selected elements of 
the lens assembly are rotated at an angle relative to other elements compared to their angle of 
rotation in the embodiment of Fig. 1. Moreover, like the embodiments of Fig. 1, the base 105 
remains stationary. 

Fig. 3 is a schematic view of a projection lens assembly 300 in accordance with an 
example embodiment. The projection lens assembly 300 includes a first lens group 301 
having a first optic axis 302, and a second lens group 303 having a second optic axis 304. A 
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reflective surface 305 is disposed between the first lens assembly 301 and this second lens 
assembly 303, and usefully at the intersection of the first and second optical axes. A display 
panel or image 306 emits light for forming the image onto a screen (not shown) in a rear 
projection display device. The display panel 306 represents the optical assembly of an LCD 
display device, and the image formed at this point is then focused onto the screen by the 
projection lens assembly and rear mirror referenced in connection with Figs. 1 and 2. 
Illustratively, the display panel may be a liquid crystal on silicon (LCOS) based assembly, a 
transmissive LC assembly, or other similar structure. Moreover, images from laser displays 
may be incorporated into a display device in keeping with the example embodiments. 

In accordance with an example embodiment, the first optic axis is substantially 
orthogonal to the second optic axis, and the second lens assembly 303 is adapted to rotate 
about the first optic axis as shown at 307. It is noted that the assembly is usefully disposed 
over a base or mount (not shown), and the first lens assembly 301, the display 306, the 
reflective surface 305 and the second lens assembly 303 are beneficially disposed in 
cylindrical elements (not shown) to facilitate the stable rotation of the second lens assembly ... 
.. 303. 

It is noted that the first and second lens assemblies and the reflective surface are known 
devices in the art. For example, the second lens assembly 303 may be a projection lens found 
in rear projection systems. Similarly, the first lens assembly and the reflective element are 
usefully refractive lenses and a mirrored surface, respectively, which are well within the 
purview of the ordinarily skilled artisan. In addition to the referenced known elements, other 
elements may be used for the first and second lens assemblies and the reflective surface. For 
example, the reflective element 305 may be a dichroic mirror, which transmits light of a 
certain polarization state. 

In operation, light from the display panel 306 is imaged by the first lens assembly 301 
onto the reflective surface 305. The reflective surface 305 reflects the light orthogonally to its 
original direction to the second lens assembly 303, which projects the image 308 onto a rear 
mirror (e.g., rear mirror 102) or similar projection surface. As such, the image from the 
display panel 306 is imaged in a rather confined space by the projection lens assembly 300. 
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Fig. 4 is a schematic view of a projection lens assembly 300 of Fig. 3 from a front view 
looking down the first optic axis 302 in accordance with an example embodiment. To wit, the 
schematic view of the assembly in Fig. 4 shows the reflective surface immediately in front, the 
first lens group 305 behind the lens and the display panel 306 behind the first lens group 301. 
Moreover, the second lens group 303 is oriented along the second optic axis 304 and thus 
orthogonal to the first optic axis 303. As will become clearer as the present description 
continues, the rotation of the second lens group 303 in the direction 401 enables the second 
lens group 303 to project the image 308 onto projection surfaces in a variety of cabinet 
devices, in spite of the variation in the size and placement of elements (e.g., a rear mirror, or a 
screen) from one cabinet to another, and without substantial modification to the cabinet. 

Fig. 5 is a schematic view of the projection lens assembly 300 rotated about the first 
optic axis 302 in keeping with the description. The rotation angle (©) 501 shows the degree of 
rotation 502 of the second lens assembly 303 from the original orientation 503. As can be 
appreciated, the capability to tailor the degree of rotation at the display manufacturing level 
affords significant versatility by allowing one projection lens assembly to be implemented in a 
variety of display devices. . 

It is noted that in accordance with example embodiments, the rotation of the second 
lens assembly may be in the direction shown (counterclockwise) or in the opposite direction « 
shown (clockwise). Illustratively, the second lens assembly 303 is rotated about the first optic 
axis 301 via a mount (e.g., base 105), which is fixed to the cabinet or some other element that 
is mounted to the system. The rotational action may be by one of a variety of mechanical 
device, such as ball-bearings in an o-shaped groove. Of course, this is merely illustrative, and 
it is noted that other mechanical elements may be used to meet this end. Furthermore, the 
rotational mechanism may also include a coarse movement and a fine movement for selecting 
the proper angle with precision. Additionally, a locking or securing mechanism may be used 
to fix the second lens assembly 303 in a desired position. It is noted that the rotation and 
alignment may be effected before or after the disposition of the projection lens assembly 300 
in the cabinet. 

In addition to the features of the projection lens assembly of the example embodiments 
thus described, additional features and variations are noteworthy. In accordance with an 
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axamp,e embodiment, a firs, tube, which has the ft* optic axis 302 as ,* cenftr 

part fits into .he inside dimension of fte other par. so ft* a *ab,e firs. oprtc ax* is obftmed 
inside the first tube. 

,„ accordance wi.h another example embodiment fte firs, mbe eon«ms no lens 
dements, and bom fte firs, and fte second .ens assemb.ies are disposed in 
accordance wift another example embodiment ftere a. iens e.eme» K presen. m fte to. mbe, 
^tmbodm.enUhelenselemen.arepresen.mftepartofftefn.mbero^esrelar.vem 

hranexampleembodlmenubesecondmbeconftftsnolenselemen. 

an, boft fte firs, and fte second lens assemblies are dUposed on,, ,ens — « ^l" 
fta fns. tube. In ftis embodimen. fte .ens dements are present in fte par. of fte first mbe fta. 
remains fixed relative to the display panel 306. 

.l yet another embodhnen, fte !ens Cements present in fte firs, babe composed of rw 
- snb^ups A ft. snbgro-P (e. g ., fits, lens assent 30„ is part of fte firs, mbe th_ 
HreLe ft fte display pane,, and fte second snbgroup (e.,, second _ — 303) ,s 
part of fte first mbe fta. roftfts relative to fte display panel. 

Fig . 6 shows a projection lens assembly 600 in accordance wift an examp e 

. ■ embodiment, rt^^t-^-^--*'-*^ .. 
aaaemMyoO,. As wift fte exampie embodiment described 

dispfey anel or image 602 prides art image. This image traverses a firs, oprto *rts 60 , .s 
tleL on a reflecfive snrface 604, and is mflected and .ravels a,o„ g a se cond op* ,~ 05. 
The second optic axis 604 is fte optic axis of fte lens assembly 60!, and is orthogona, o fte 

SrtJ in a similar manner as describe* in connection wift fte embodmren* ,of 1*1* 

connecrion wift Figs. .-5 are diredy applieaHe ,o fte example embodtmen. of T^and 
a„d are no. repeated so asto no.obsctrte fte description of ftese example emhodnnems. 
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Fig 7 shows tite projection .ens assembly 600 with the tens assembly 601 rotated by an 
ang.eCO)701. The rotation angle 701 shows** degree of rotation 703 of*e to assembly 

601 relative to its original orientation 702. 

Asdes.nbedineonneodonwithmeexampleembodnn^ofF.gs. ,-5, me proton 

to assemMy 600 provides versatility because a vane* of display devto may incorpom* 

one projection lens system. 

Bisno^dma.d.enseofn.besforbousmgtovariouse.emen^ of me assembly 600 

anduteuseofabase or ntoun, wi«h a rotational device as described previously may be apphed 
to the present example embodiments. 

Fig . 8 shows a projection optica, system connected .0 a base in accordance w th an 
example embodhnent. Tfie second to assembly 303 described in connection wtth *e 

de.ribedinconr.ctionwi.htire.xamp.e-bodimen.ofFig.e. Tbe proton ophc . 

w * o u QCP i To wit a tube 801 is connected to 
system is connected to and rotates relanve to a base 105. To.wtt.atu 

me base .05, a* .be st*ond to assembly 303 is adapKd to rotate ,n a mannershown by a 
l^ison f me orientation of.be second to — * 303 of Fig. S win, «a — m 
^ , As described previous*, the rotation is about a fu* optic axis (no. vtewable m Ftga. 8 
and9). Moteover.i.isno^u^.maccordancewimanexampleembodunen.descnbed 

previously, a second tube 802 may be used to house elements. 

The example embodtatos having been described in debt,!,!, is clear ma. 
modifications of tite invention win be apparent . one having ordinary sltffl in tite ari avmg ^ 

scope of the appended claims. 



